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(54) HIGH DENSITY LIPOPROTEIN-REACTIVE PEPTIDES 



(57) A high-density lipoprotein-reactive peptide or a 
foam cell-reactive peptide as set forth in the following 
(a) or (b): (a) a peptide comprising the amino acid se- 
quence represented by SEQ ID NO: 1 ; and (b) a peptide 
comprising an amino acid sequence derived from the 
amino acid sequence as specified in the above (a) by 
substitution, deletion, addition, or insertion of one or 
more amino acid residues and being capable of specif- 
ically binding to high-density lipoprotein cholesterol or 



withdrawing cholesterol from foam cells. Thus, peptides 
having novel amino acid sequences and being capable 
of specifically binding to HDL cholesterol or withdrawing 
cholesterol from foam cells are provided. These pep- 
tides are useful as drugs for various diseases caused 
by arteriosclerosis, lipid metabolic errors, and peripheral 
cholesterosis. 
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Description 

Technical Field 

5 [0001] The present invention relates to a peptide capable of specifically binding to high-density lipoprotein (HDL) 
cholesterol, to a foam-cell-reactive peptide, and to drugs containing such peptides. 

Background Art 

10 [0002] In blood, lipids are always present as lipoproteins. The mechanisms of transport and metabolism of lipids by 
the mediation of lipoproteins are now being clarified. 

[0003] Triglycerides (TGs), cholesterols, and cholesteryl esters (CEs) are secreted in the form of very low density 
lipoproteins (VLDLs) into blood. VLDLs act to provide peripheral tissue with a portion of TGs in the form of fatty acids, 
and also participate in transfer and exchange of a portion of lipids between HDLs and intermediate lipoproteins (IDLs). 
15 IDLs, which undergo lipid exchange with HDLs, lose TGs, to thereby become low density lipoproteins (LDLs), which 
in turn are taken into peripheral tissue and supply cholesterols. 

[0004] Meanwhile, cholesterols which have become useless in the peripheral tissue are withdrawn by HDLs and 
converted into CEs, and subsequently exchanged with TG contained in the above-mentioned TG-rich VLDLs, IDLs, 
or LDLs, until they are reversely transported to the liver. This process of transferring cholesterols from the peripheral 

20 tissue such as blood walls to the liver is known as reverse cholesterol transport (RCT), and this process is considered 
to contribute to prevention of excessive build-up of cholesterols (Medical Practice, vol. 18, No. 3, 473-480 (2001)). 
[0005] Substances that are known to play an important role in the reverse cholesterol transport or lipid exchange 
between HDLs and TG-rich lipoproteins include enzymes such as lecithin cholesteryl acy transferase (LCAT), hepatic 
lipase (HTLC), lipoprotein lipase (LPL), and cholesteryl ester transport proteins (CETP). However, their action mech- 

25 anisms, interactions between lipoproteins, and relation with lipid metabolic errors have not yet been elucidated. 

[0006] Foam cells take part in cholesterol build-up in the peripheral tissue. That is, macrophages derived from mono- 
cytes in blood and present in the walls of blood vessels gobble up fat and accumulate large amounts of fat particles 
(primarily CEs) therein. Chemically modified LDLs are taken into the macrophage cells endlessly by the mediation of 
scavenger receptors, whereby foam cells are formed. Emerging of foam cells is known to be a factor critical to the 

30 onset and development of arteriosclerosis in high cholestrolemia. 

[0007] An object of the present invention is to provide novel information useful for elucidating interactions between 
HDL and TG-rich lipoproteins. 

[0008] The present invention also provides information about a specific component of TG-rich lipoproteins which 
participate in the above interactions, regions of such component, and structures, and further provides an HDL-reactive 
35 peptide having a specific structure. 

[0009] The present invention also provides novel information about interactions between cholesterols built up in 
peripheral tissue such as blood vessel walls and lipoproteins, and in particular information concerning cholesterol efflux 
mechanism. 

[0010] Moreover, the present invention provides means useful for the evaluation and amelioration of lipid metabolic 
40 errors which greatly affect the onset, development, prognosis, etc. of heart diseases such as myocardial infarction as 
well as different types of arteriosclerosis, including cerebrovascular disorders such as cerebral apoplexy. 

Disclosure of the Invention 

45 [0011] The present inventors performed studies on lipid metabolic errors, and provided, among others, a remnant- 
like lipoprotein (RLP) serving as a clinical index which indicates such errors (see, for example, Arteriosclerosis, 20, 
79-88 (1 992); Clin. Chim. Acta., 223, 53-71 (1 993); or Japanese Patent No. 2657225) and atechniquefor improvement 
or measurement of CETP participating in the above-described lipid exchange (Japanese Patent No. 3043528). 
[0012] During pursuit of their subsequent studies, the present inventors have quite unexpectedly obtained a novel 

50 finding that HDL reacts directly with LDL. The present invention has been accomplished on the basis of a determination 
that this reaction proceeds by the mediation of a specific region of apo B-100 of LDL. 

[0013] The novel finding that HDL reacts directly with a TG-rich lipoprotein to thereby exchange lipids satisfactorily 
explains RLP's characteristics and the causes of the above-described phenomena of RLP, which is an abnormal lipo- 
protein believed to be slowly metabolized and built up in blood. RLP is a serum lipoprotein whose characteristic is that 
55 RLP does not react with an antibody for apo B-1 00 (a structural apoprotein of VLDL, IDL, and LDL) or for apo A-l (a 
structural apoprotein of HDL). Thus, different from normal TG-rich lipoproteins, RLP is believed not to provide the 
specific region of apo B-100, which participates in the reaction with HDL, and therefore RLP cannot react with HDL, 
leading to stagnation in lipid exchange and metabolism of RLP. 
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[0014] Accordingly, the present invention contemplates provision of novel information that HDL reacts directly with 
TG-rich VLDL, IDL, and LDL by the mediation of apo B-1 00 contained in the VLDL, IDL, and LDL in the above-described 
lipid transport mechanism or in the lipoprotein metabolism mechanism. Moreover, the present invention contemplates 
provision of a specific region determined to participate in the reaction of apo B-1 00. 
5 [0015] Thus, the present invention provides an HDL-reactive peptide of the following (a) or (b): 

(a) a peptide having the amino acid sequence represented by SEQ ID NO: 1 ; or 

(b) a peptide having an amino acid sequence represented by (a) with one or more amino acid residues having 
being modified through substitution, deletion, addition, or insertion, and having a specific binding ability to HDL 

10 cholesterol. 

[0016] The present inventors have further performed a variety of studies on effect of the peptide and the modified 
peptide, and have found that these peptides have an effect of cholesterol efflux from foam cells produced in the early 
stage of arteriosclerosis. A substance having the effect of cholesterol efflux from foam cells prevents plaque formation, 
15 thrombosis formation, development of arteriosclerosis from the foam cells, or similar reactions. Therefore, the peptide 
and the modified peptide are useful as a drug for improving lipid metabolic errors or a drug for preventing or treating 
arteriosclerosis. 

[0017] The present invention provides a foam-cell-reactive peptide of the following (a) or (b): 

20 (a) a peptide having the amino acid sequence represented by SEQ ID NO: 1 ; or 

(b) a peptide having an amino acid sequence represented by (a) with one or more amino acid residues having 
being modified through substitution, deletion, addition, or insertion, and inducing cholesterol efflux from foam cells. 

[0018] The present invention also provides a drug such as a peripheral-tissue-cholesterol efflux drug, a drug for 
25 improving lipid metabolic errors, or a drugfor preventing ortreating arteriosclerosis, containing the HDL-reactive peptide 
or the foam-cell reactive peptide as an active ingredient. 

[0019] The present invention also provides a drug composition such as a peripheral-tissue-cholesterol efflux drug, 
a drug for improving lipid metabolic errors, or a drug for preventing ortreating arteriosclerosis, containing the HDL- 
reactive peptide or the foam-cell-reactive peptide, and a pharmacologically acceptable carrier. 
30 [0020] The present invention also provides use of the HDL-reactive peptide or the foam-cell-reactive peptide in pro- 
duction of a drug such as a peripheral-tissue-cholesterol efflux drug, a drug for improving lipid metabolic errors, or a 
drug for preventing ortreating arteriosclerosis. 

[0021] The present invention also provides a method fortreating cholesterol build-up in peripheral tissues, lipid met- 
abolic errors, or arteriosclerosis, comprising administering, to a subject in need thereof, the HDL-reactive peptide or 
35 the foam-cell-reactive peptide in an effective amount. 

[0022] In the present specification, abbreviations used to designate amino acids, peptides, nucleotide sequences, 
nucleic acids, etc. accord with the regulations of IUPAC or IUB, "Guideline for Preparing a Specification Containing a 
Nucleotide Sequence or an Amino Acid Sequence" (edited by the Japanese Patent Office), or customary codes em- 
ployed in the art. 

40 [0023] Amino acid sequences and site numbers of apo B-1 00 are designated in accordance with "apolipoprotein B- 
100 precursor-human, ACCESSION: LPHUB, PID: g71789, NCBI Sequence Viewer." 

Brief Description of the Drawings 

45 [0024] 

Fig. 1 shows reactivity of B100FL with anti-apo B-1 00 monoclonal antibody (Jl-H); 

Fig. 2 shows the results of analysis (HPLC) of lipoproteins contained in a fraction that did not bind to the B100FL 
gel (A) and a fraction that did not bind to the control gel (B); 
50 Fig. 3 shows the results of analysis (SDS gel electrophoresis) of proteins contained in a fraction that did not bind 

to the B1 00FL gel and a fraction that did bind to the B1 00FL gel; 

Fig. 4 shows the effect of the present peptide in cholesterol efflux from RAW264 cells; and 

Fig. 5 shows effect of the present peptide on the blood vessel tissues of quail arteriosclerosis model (A (x 1 6) and 
B (x40): the control groups, and C (x1 6) and D (x40): the groups to which the present peptide had been admin- 
55 istered). 
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Best Mode for Carrying Out the Invention 

[0025] The HDL-reactive polypeptide of the present invention will be described in detail. 

[0026] A characteristic feature of the HDL-reactive peptide of the present invention resides in its specific binding 

5 ability to HDL cholesterol. 

[0027] As used herein, the expression "has a specific binding ability to HDL cholesterol" refers to a situation in which 
the HDL-reactive peptide exhibits affinity specifically with free cholesterol and/or CE contained in HDL to thereby bind 
specifically thereto. The expression also refers to a situation in which free cholesterol and/or CE contained in HDL 
exhibit affinity specifically with the HDL-reactive peptide to thereby bind specifically thereto. 

10 [0028] SEQ ID NO: 1 is an amino acid sequence of a characteristic peptide exhibiting binding ability to HDL choles- 
terol. That is, peptides having such an amino acid sequence have a specific binding ability to HDL cholesterol. Accord- 
ingly, such peptides are preferred embodiments of the HDL-reactive peptide of the present invention. 
[0029] SEQ ID NO: 1 represents a region contained in apo B-100 (a structural protein of VLDL, IDL, and LDL) and 
having 51 amino acid residues; i.e., the 2,297th to the 2,347th amino acid residues of apo B-100. 

15 [0030] Interestingly, the region represented by SEQ ID NO: 1 contains a region which is considered to be an epitope 
for the monoclonal antibody "Jl-H" (an apo B-100 antibody used in measurement of RLP) (J. Clin. Ligand Assay, 19 
(3), 177 (1996)). Therefore, the finding in the present invention well agrees with the fact that RLP, an abnormal TG- 
rich lipoprotein which is slowly metabolized and is built up in blood, does not have binding ability to the monoclonal 
antibody. 

20 [0031] In relation to the HDL-reactive peptide, the amino acid sequence of SEQ ID NO: 1 may take a modified form 
in which partial amino acids ; or one or more amino acid residues of the sequence, have been modified, so long as the 
peptide exhibits binding ability to HDL cholesterol. 

[0032] No limitations are imposed on the degree and the site of the modification (i.e., substitution, deletion, addition, 
or insertion), so long as a peptide having the modified amino acid sequence exhibits the same effect as peptides having 

25 the amino acid sequence of SEQ ID NO: 1 ; i.e., the peptide has binding ability to HDL cholesterol. Examples of the 
mutant include peptides having about 100 amino acid residues, and the mutant preferably has about 6 to about 60 
amino acid residues, more preferably about 20 to about 50 amino acid residues. An essential requirement is that the 
mutant have the six amino acid residues represented by SEQ ID NO: 4, and preferably the mutant has the 20 amino 
acid residues represented by SEQ ID NO: 5. Examples of the mutant include a peptide having the 30 amino acid 

30 residues represented by SEQ ID NO: 2, and a peptide having the 30 amino acid residues represented by SEQ ID NO: 
3. The HDL-reactive peptide of the present invention is particularly preferably a peptide having the amino acid sequence 
of SEQ ID NO: 1. 

[0033] Whether or not the HDL-reactive peptide has binding ability to HDL cholesterol can be confirmed through a 
test in accordance with a customary method. A specific example of the test will be described below in Examples. 
35 [0034] The foam-cell-reactive peptide of the present invention will be described in detail. A characteristic feature of 
the foam-cell-reactive peptide resides in its effect of effluxing cholesterol from foam cells. 

[0035] In relation to the foam-cell-reactive peptide, the amino acid sequence of SEQ ID NO: 1 may take a modified 
form in which partial amino acids, or one or more amino acid residues of the sequence, have been modified, so long 
as the peptide exhibits cholesterol efflux from foam cells. 

40 [0036] No limitations are imposed on the degree and the site of the modification (i.e., substitution, deletion, addition, 
or insertion), so long as a peptide having the modified amino acid sequence exhibits the same effect as peptides having 
the amino acid sequence of SEQ ID NO: 1 ; i.e., the peptide exhibits cholesterol efflux from foam cells. Examples of 
the mutant include peptides having about 1 00 amino acid residues, and the mutant preferably has about 6 to about 60 
amino acid residues, more preferably about 20 to about 50 amino acid residues. An essential requirement is that the 

45 mutant have the six amino acid residues represented by SEQ ID NO: 4, and preferably the mutant has the 20 amino 
acid residues represented by SEQ ID NO: 5. Examples of the mutant include a peptide having the 30 amino acid 
residues represented by SEQ ID NO: 2, and a peptide having the 30 amino acid residues represented by SEQ ID NO: 
3. The HDL-reactive peptide of the present invention is particularly preferably a peptide having the amino acid sequence 
of SEQ ID NO: 1. 

50 [0037] Whether or not the foam-cell-reactive peptide has an ability to efflux cholesterol from foam cells may be 
confirmed in accordance with the procedure described below in Examples. 

[0038] Hereinafter, the HDL-reactive peptide and the foam-cell-reactive peptide may collectively be referred to as 
"the present peptide." 

[0039] The present peptide may be produced so as to have the mentioned amino acid sequence through a routine 
55 chemical synthesis method. The method encompasses a variety of peptide synthesis schemes on the basis of cus- 
tomary solid phase techniques and customary liquid phase techniques. 

[0040] Specifically, the peptide synthesis methods include stepwise elongation and fragment condensation. In step- 
wise elongation, the peptide is produced through sequentially binding an amino acid residue in accordance with the 
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amino acid sequence information of interest, whereby the chain is elongated. In fragment condensation, the peptide 
is produced th rough , in accordance with the amino acid sequence information of interest, synthesizing fragments having 
a plurality of amino acid residues and subsequently subjecting the fragments to coupling reaction with one another 
The present peptide may be synthesized through either of these methods. 

5 [0041] The condensation employed in the peptide synthesis described above may be performed through a routine 
method. Specific examples of the method includethe azide method, the mixed acid anhydride method, the DCC method, 
the active ester method, the oxidation-reduction method, the DPPA (diphenylphosphorylazide) method, a modified 
DCC method which is a combination of the DCC method and an additive (e.g., 1 -hydroxybenztriazole, N-hydroxysuc- 
cinamide, N-hydroxy-5-norbornene-2,3-dicarboxyimide), and the Woodward method. Solvents to be used in these 

10 methods can be suitably selected from among those which are well known to be employable in such a peptide con- 
densation reaction. Examples of the solvents include dimethylformamide (DMF), dimethylsulfoxide (DMSO), hexa- 
phosphoramide, dioxane. tetrahydrofuran (THF), ethyl acetate, and mixtures thereof. 

[0042] In the peptide synthesis reaction, acarboxyl group which is contained in an amino acid or a peptide and which 
does not participate in the reaction may typically be protected through formation of an ester; e.g., a lower-alkyl ester 

15 such as a methyl ester, an ethyl ester, or a tert-butyl ester; a benzyl ester; a p-methoxybenzyl ester; a p-nitrobenzyl 
ester; or an aralkyl ester. When an amino acid residue has a functional group at its side chain, the functional group 
may be protected. For example, the hydroxyl group of Tyr may be protected with an acetyl group, a benzyl group, a 
benzyloxycarbonyl group, or a tert-butyl group. However such a functional group may not necessarily be protected. 
In addition, the guanidino group of Arg may be protected with a suitable protecting group such as a nitro group, atosyl 

20 group, a 2-methoxybenzenesulfonyl group, a methylene-2-sulfonyl group, a benzyloxycarbonyl group, an isoborny- 
loxycarbonyl group, or an adamantyloxycarbonyl group. 

[0043] Deprotection of the above-described protected amino acid or peptide or the finally obtained present peptide 
in a protected form may be performed through a routine method; e.g., a catalytic reduction, or a method employing 
liquid ammonia/sodium, hydrogen fluoride, hydrogen bromide, hydrogen chloride, trifluoro acetic acid, acetic acid, for- 

25 mic acid, or methanesulfonic acid. 

[0044] In accordance with needs, the thus-obtained present peptide may be purified through a routine method. Ex- 
amples of the method include ion exchange, partition chromatography, gel chromatography, affinity chromatography, 
high performance liquid chromatography (HPLC), and countercurrent distribution. These methods have been custom- 
arily used in the field of peptide chemistry. 

30 [0045] Alternatively, the present peptide may be produced through a gene engineering technique which utilizes a 
DNA sequence encoding the present peptide. 

[0046] The gene engineering technique may be performed through a routine procedure. For example, synthesis of 
a DNA fragment, production of a vector which enables expression of the DNA fragment, and expression of the vector 
in a host cell may be performed through procedures similar to those used in customary gene engineering techniques 

35 (see, for example, Molecular Cloning 2d. Ed., Cold Spring Harbor Lab. Press (1 989); or Zoku-seikagaku Jikken Kouza 
"Idenshi Kenkyu-ho\, II, III," edited by The Japan Biochemical Society (1 986)). For example, a DNA fragment encoding 
the present peptide is produced through a routine method in accordance with the amino acid sequence information on 
the HDL-binding peptide provided in the present invention (see, for example, Science, 224, 1431 (1984); Biochem. 
Biophys. Res. Comm., 130, 692 (1985); or Proc. Natl. Acad. ScL USA., 80, 5990 (1983)). 

40 [0047] More specifically, the DNA fragment may be chemically synthesized through a phosphoramidite method or a 
triester method. Examples of such a method include a method using a commercially available automated oligonucle- 
otide synthesis device. A double-stranded DNA fragment is produced from the chemically synthesized single-stranded 
DNA fragment through synthesizing a DNA fragment complementary to the single-stranded DNA fragment and sub- 
jecting both of the fragments to an annealing procedure under suitable conditions, or through using a suitable primer 

45 and a DNA polymerase and adding a complementary DNA fragment to the single-stranded DNA fragment. 

[0048] In accordance with needs, the amino acid sequence encoded by the DNA fragment may be modified. This 
can be done through a known method. Examples of the method include oligonucleotide directed site specific muta- 
genesis (Zoller, M., etal., Nucl. Acids Res., 10, 6487-6500 (1982)) and cassette mutagenesis (Well, J., et al., Gene, 
34, 315-323 (1985)). 

50 [0049] Production or expression of a desired peptide through use of the DNA fragment may be performed through 
a customary method known in the art (see, for example, Science, 224, 1431 (1984); Biochem. Biophys. Res. Comm., 
130, 692 (1985); or Proc. Natl. Acad. Sci. USA., 80, 5990 (1983)). 

[0050] A DNA fragment encoding the present peptide may be prepared by use of an existing DNA fragment capable 
of encoding apo B-100. 

55 [0051] The thus-obtained peptide of interest may be isolated and purified through an isolation technique utilizing its 
physical or chemical characteristics (see, for example, "Biochemistry Data Book II," pp. 1175-1259, 1st edition, 1st 
printing, June 23, 1980, published by Tokyo Kagaku Dozin Co., Ltd; Biochemistry, 25 (25), 8274-8277 (1986); or Eur 
J. Biochem., 163,313-321 (1987)). 
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[0052] As described above, the present peptide includes a peptide having a specific binding ability to HDL cholesterol 
and a peptide inducing cholesterol efflux from peripheral tissues, particularly from foam cells. Accordingly, utilizing 
these effects, the present peptide is used as a reagent for studies to explain the mechanism of lipid transcription and 
metabolism, arteriosclerosis occurrence mechanism in peripheral tissues, or the thrombus formation mechanism. In 

5 addition, for example, the present peptide may be used in production of a drug composition containing a peptide as 
an active ingredient. Since the drug composition contains, as an active ingredient, the present peptide exhibiting a 
specific binding ability to HDL cholesterol, the drug composition can be used, for example, to provide reactivity with 
HDL to TG-rich lipoproteins or abnormal lipoproteins (such as RLP) which are slowly metabolized and built up in blood, 
or to promote the reaction. Moreover, since the present peptide causes cholesterol efflux from peripheral tissue cells, 

10 the drug composition can be used for ameliorating lipid metabolism in the coronary artery, the aorta, the peripheral 
artery, etc. and for preventing or treating arteriosclerosis. 

[0053] Thus, metabolism of such lipoproteins can be normalized or promoted, and development of arteriosclerosis 
can be prevented. Therefore, the drug composition can be used as a remedy for ameliorating lipid metabolism or as 
a remedy for preventing or treating arteriosclerosis. 

15 [0054] The drug composition is administered such that the active ingredient is effectively delivered to target sites 
such as RLP, TG-rich lipoprotein, or the artery (particularly, the blood vessel). For example, the drug composition is 
administered via food, or the drug composition is processed such that the active ingredient is absorbed at the intestine 
to thereby prepare a drug preparation, and the preparation is administered perorally. Such a drug preparation may be 
produced through a routine method and administered in a customary manner. Optionally, the present peptide, the active 

20 ingredient of the drug composition, may be treated with lipid or other substances. 

[0055] The drug composition may be combined with a drug delivery system (DDS) using a drug delivery substance 
which binds to the target RLP or TG-rich lipoprotein. 

[0056] Examples of the drug delivery substance include antibodies (preferably polyclonal antibodies) for an apopro- 
tein contained in a target lipoprotein, such as apo B-100. The present peptide which has been modified with such an 
25 antibody can achieve effective targeting by the target lipoprotein. 

[0057] The drug composition contains a pharmacologically effective amount of the present peptide as an active 
ingredient, and the composition is prepared through a routine process together with one or more pharmacologically 
acceptable carriers, to thereby prepare the drug composition. 

[0058] The present invention provides a DNA fragment having a nucleotide sequence encoding the present peptide. 

30 The DNA fragment is useful in production of the present peptide through a gene engineering technique as described 
above. In addition, the DNA fragment may be used in production of a drug composition containing a DNA fragment as 
an active ingredient. The resultant drug composition is used as a drug whose target is RLP, TG-rich lipoprotein, or the 
artery, and the drug composition is useful in the same use as that of the drug composition containing the present 
peptide as an active ingredient as described above. 

35 [0059] The present peptide causes efflux of cholesterol and/or lipid such as TG from HDL. Therefore, the present 
peptide can be used, by reacting with HDL, for activation of reverse cholesterol transport or promotion of favorable 
HDL metabolism as described above. In order to use the present peptide, for example, a drug composition containing 
the present peptide or a DNA fragment thereof as an active ingredient may be produced, or the present peptide may 
be used to produce HDL having no cholesterol (hereinafter referred to as "Lipid free apo A-1 ") through efflux of cho- 

40 lesterol from HDL (see, for example, Curr. Opin. Lipidol., 7, 82-87, (1986)). 

[0060] When the present peptide is used in the manner described above, the present peptide reacts with HDL, to 
thereby attain positive production of lipid free apo A-1 in blood. Thus, the present peptide can be used quite effectively 
in, among others, prevention — via HDL — of cholesterol deposit on tissues, or prevention of arteriosclerosis or reste- 
nosis of blood vessels, through forced efflux of cholesterol. 

45 [0061] As described above, the present peptide has a direct effect of cholesterol efflux from foam cells in the artery. 
Therefore, even if the present peptide is applied to blood vessels which have already developed arteriosclerosis, the 
present peptide is quite useful in, for example, prevention of development of arteriosclerosis or treatment of arterio- 
sclerosis, or prevention of restenosis of blood vessels via cholesterol efflux. 
[0062] Use of the present peptide as a drug composition encompasses its use in vitro. 

50 [0063] As described above, when the present peptide reacts with HDL, lipid free apo A-1 is produced, and the lipid 
free apo A-1 is useful for prevention or treatment of the above diseases or pathological conditions. Examples of the 
use of the present peptide in vitro include extracorporeal circulation using a column containing the present peptide as 
an effective component. No limitations are imposed on the mode of the extracorporeal circulation, so long as the mode 
enables the present peptide to effectively contact with test blood samples (HDL). For example, a carrier to which the 

55 present peptide is immobilized is preferably employed. In addition to a process using the carrier to which the present 
peptide is immobilized, extracorporeal circulation may be performed through the process described in Japanese Patent 
No. 2835923. 
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Examples 

[0064] The present invention will next be described in more detail by way of examples, which should not be construed 
as limiting the invention thereto. 

5 

Example 1 

(1) Peptide synthesis 

10 [0065] A peptide having an amino acid sequence of SEQ ID NO: 1 (B1 00FL) was chemically synthesized in accord- 
ance with a conventional method. 

[0066] Specifically, the peptide was synthesized through the Fmoc method so as to attain the above sequence by 
use of Fmoc-NH-SAL resin (product of Watanabe Kagaku). The protected peptide-bearing resin was treated with a 
solvent mixture (TFA : phenol : thioanisole : 1 ,4-butanedithiol : water = 82.5:5:5:2.5:5) for three hours, to thereby re- 
's move the protecting groups. 

[0067] The crude product was purified by reverse phase H PLC as described below, to thereby yield the target peptide. 

<Reverse phase HPLC> 

20 [0068] Column: Cosmosil 5C18MS (10 X 250 mm; Nacalai Tesque) 

[0069] Eluent: water/acetonitrile containing 0.1% TFA (linear gradient of acetonitrile; 2.5 mL/min.) 
[0070] The thus-obtained target peptide was analyzed by mass spectrometry (Perseptive Biosystems; Voyager DE/ 
matrix assisted laser desorption ionization-time of flight: MALDI-TOF/matrix: alpha-cyano-4-hydroxycinnamic acid) and 
amino acid analysis (hydrolysis in a constant boiling hydrochloric acid at 1 1 0°C for 24 hours in a sealed tube (Hitachi 

25 L-8500 Amino Acid Analyzer)). 

(2) Reactivity with anti-apo B-100 monoclonal antibody (Jl-H: J. Clin. Ligand Assay, 19 (3), 177 (1999)) 

[0071] The reactivity was confirmed through ELISAin accordance with a conventional method by using a plate coated 
30 with the peptide obtained above (B100FL) (see Japanese Patent Application Laid-Open (kokai) No. 4-104798). 

[0072] As a result, B1 00FL was found to have specific reactivity with Jl-H (Fig. 1 : the Y-axis and the X-axis represent 
absorbance (OD450) and immobilized peptide concentration (ng/mL), respectively). 

(3) Reactivity with HDL 

35 

[0073] The peptide obtained in (1 ) above (B1 00FL, 0. 1 mg) was added to affinity gel (25 \iL) to which an anti-apo B- 
100 monoclonal antibody (Jl-H) had been immobilized, whereby a B100FL-bound affinity gel was prepared. A control 
gel was prepared by treating gel with PBS (not containing B1 00FL) in a manner similar to the above. 
[0074] Human plasma (1 mL) was added to affinity gel (2 mL) to which an anti-apo A-l monoclonal antibody had 
40 been immobilized, to thereby cause HDL to be specifically bound to the gel. The bound HDL was eluted with 3M sodium 
thiocyanate, and the buffer of the thus-obtained eluent was changed to PBS through use of a column for desalting, to 
thereby prepare an HDL sample. 

[0075] The aforementioned anti-apo A-l monoclonal antibody immobilized affinity gel and anti-apo B-1 00 monoclonal 
antibody (Jl-H) immobilized affinity gel were prepared in accordance with a conventional method (Japanese Patent 
45 Publication (kokoku) No. 7-104351). 

[0076] The HDL sample (containing 20 ja,g of apo A-l) was reacted with the B1 OOFL-bound affinity gel for 30 minutes 
at room temperature. Subsequently, the reaction mixture was left to stand for 15 minutes to thereby cause the gel to 
precipitate, to thereby remove the gel from the reaction mixture. 

[0077] Fractions that did not bind to the gel (hereinafter referred to as "B1 OOFL-unbound fractions") and the fractions 
50 that bound to the gel (hereinafter referred to as "B1 OOFL-bound fractions") were separately subjected to the analysis 
described below in accordance with a conventional method. 

[0078] Total cholesterol level: Total cholesterol level was determined with a reagent for measuring cholesterol level 
(L-TCII, Kyowa Medex Co., Ltd.) by means of an autoanalyzer (TBA20R; Toshiba). 

[0079] Lipoprotein analysis: Lipoprotein was analyzed through HPLC of a lipoprotein analysis system (Lipopropax 
55 XL, eluent: TSK eluent LP-1 , 1 mL/min. , sample volume: 1 00 llL; Tosoh) by monitoring colors produced by cholesterol. 
[0080] Protein concentration: Each protein concentration was determined by measuring absorbance (OD280); or 
through the Lowry method in which each sample (which had been delipidized with ethanol-ether) was subjected to 
color reaction. 
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[0081] Protein analysis: Protein was analyzed by SDS-gel electrophoresis. Specifically, each sample was subjected 
to delipidizing treatment and solubilized with 1% SDS, followed by treatment with a buffer (2% SDS/10% glycerol/ 
0.005% BPB/20% 2-mercaptoethanol), to thereby prepare a sample for electrophoresis. The resultant sample was 
electrophoresed in a 4-20% gradient gel in accordance with a conventional method. 

5 

<Results> 

[0082] Fig. 2 shows the results obtained by the analysis of lipoprotein contained in a fraction that did not bind to the 
B100FL gel (Fig. 2A) and a fraction that did not bind to the control gel (Fig. 2B). In Fig. 2, the solid lines show the 
10 results obtained by analysis in which each fraction was used as a sample; and the broken lines show the results 
obtained by analysis in which HDL was used as a sample (baseline). 

[0083] Table 1 below shows the results obtained by each analysis of a fraction that did not bind to the B100FL gel 
("B100FL" in Table 1) and a fraction that did not bind to the control gel ("PBS" in Table 1). Each analysis was performed 
with regard to total cholesterol level ("Cholesterol" in Table 1), HDL-cholesterol level ("HDL-C" in Table 1) obtained by 
15 lipoprotein analysis (Fig. 2), protein concentration determined by measuring absorbance ("O.D.280" in Table 1). and 
protein concentration measured through a color reaction ("Delipid Protein" in Table 1). 



Table 1 



20 





Cholesterol 


HDL-C 


O.D.280 


Delipid Protein 




(mg/dl) 


(Area) 




(jig/mL) 


B100FL 


0.25 


243.2 


0.116 


231.0 


PBS 


3.60 


5,811.3 


0.143 


215.8 



25 [0084] As is clear from Table 1 , the total cholesterol level of the HDL sample treated with B1 OOFL-bound gel is 0.25 
mg/dl, which is about 1/15 that of the HDL sample treated with the control gel. Moreover. Fig. 2 (lipoprotein analysis), 
includes a peak attributed to cholesterol (HDL-C) in the HDL sample that had been treated with the control gel, but 
does not include a peak in the HDL sample that had been treated with B1 OOFL-bound gel. 

[0085] The protein concentration was determined by measuring absorbance and through a color reaction. The protein 
30 concentration of the HDL sample that had been treated with B1 OOFL-bound gel was found to be almost same as that 
of the HDL sample that had been treated with the control gel (Table 1). 

[0086] Protein analysis was performed through SDS-gel electrophoresis. The results are shown in Fig. 3. 
[0087] In Fig. 3, each lane represents the following sample. 
Standard (Low): Low molecular weight standard 

35 B1 00FL (+) Unbound: B1 OOFL-unbound fraction 
B1 00FL (+) Bound: B1 OOFL-bound fraction 
B1 00FL (-) Unbound: Control-gel-unbound fraction 
B100FL (-) Bound: Control-gel-bound fraction 
B1 00FL (-)/Gel (-): HDL: HDL that had not been treated with gel 

40 HDL-4: HDL-fraction 4 that had not been treated with gel 

LDL-3: LDL-fraction 3 that had not been treated with gel Standard (High): High molecular weight standard 
[0088] In Fig. 3, not only in the untreated HDL sample but also in the sample that had been treated with B1 OOFL- 
bound gel, a band which represents A-1 (a main apoprotein of HDL) is present as a main band in the vicinity of the 
position of molecular weight 28,000. Furthermore, bands which represent HDL-structuring proteins other than A-l (apo 

45 C, apo A-ll, apo E, apo A-IV, etc.) are also present, and no difference is found in the structural ratio of these proteins. 
[0089] Accordingly, in a reaction solution obtained by reacting HDL with B100FL, only proteins (for example, apo A-l 
of HDL) are present, and cholesterol and cholesterol ester are substantially absent. The above results indicate that 
B1 00FL has an interaction with cholesterol and cholesterol ester of HDL, and has an effect of effluxing cholesterol and 
cholesterol ester from apoprotein particles of HDL. 

50 

Example 2 Peptide synthesis 

[0090] Each peptide having an amino acid sequence shown in Table 2 was synthesized in a manner similar to that 
described in Example 1 . 

55 
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Example 3 Cholesterol efflux test 

[0091] The aforementioned peptides were examined with regard to cholesterol efflux effect from RAW264 cells (a 
model of atherosclerosis). 

5 [0092] Specifically, RAW264 cells (mouse monocytic leukemia cell strain) were added to DM EM medium that had 
been supplemented with 10% FBS, to thereby prepare a specimen having a concentration of 4 x 10 5 cells/mL An 
aliquot of the specimen (1 ml_) was added to each well of a 12-well plate, followed by culture for two days in a C0 2 
incubator (37°C). The medium in each well was removed, and the cells in the well were washed once with 1 ml_ of 
DMEM containing 0.2% BSA and 20mM glutamine (hereinafter referred to as "DM EM"). Subsequently, a solution of 

10 acetylated LDL in DMEM (40 jig/mL, 1 ml_) was added to each well, followed by culture for 24 hours in a C0 2 incubator 
(37°C), whereby acetylated LDL entered into the cells. The cells were washed twice with PBS supplemented with 0.2% 
BSA. Thereafter, a solution of dibutyl cAMP in DMEM (0.3 mM, 1 mL) was added to each well, followed by incubation 
for 2 hours in a C0 2 incubator (37° C). 

[0093] The test peptide (20 joL) was added to each well so as to attain a final concentration of 20, 2.0, or 0.2 u.g/mL : 
15 followed by culture for 24 hours in a C0 2 incubator (37°C). 

[0094] After 24 hours, the supernatant of each well was collected in a microtube, and the microtube was centrifuged 
for five minutes at 1 0,000 rpm. The cholesterol level of the supernatant was measured by means of the autoanalyzer 
described above. 

[0095] Each test peptide was dissolved in DMSO (5 mg/mL), and the thus-formed solution was diluted with DMEM 
20 so as to attain a concentration of 1 mg/mL. Subsequently, the resultant solution was diluted 10-fold or 100-fold with 
DMEM, to thereby prepare a test sample. Moreover, in order to prepare a control sample, only DMSO was diluted with 
DMEM so as to attain a final concentration of 0.4, 0.04, or 0.004%; and in order to prepare a positive control sample, 
delipid HDL was diluted with DMEM so as to attain a concentration of 2.5, 5.0, or 1 0 }ig/mL. 
[0096] The results are shown in Fig. 4. 
25 [0097] Three peptides (P51 (B-100FL SEQ ID NO: 1), PS505 (SEQ ID NO: 2), and PS509 (SEQ ID NO: 3)) were 
found to exhibit strong cholesterol efflux effect from RAW264 cells (foam with acetylated LDL) depending on the con- 
centrations of the employed peptides. However, four peptides (P21, PS506, PS507, and PS508) not containing a 
sequence composed of six amino acids (corresponding to the 2,321 -2,326th amino acids of B-1 00) were found not to 
exhibit the effect. 

30 [0098] Conceivably, a peptide containing a sequence of six amino acids (2,321 -2,326th amino acids of B-1 00) (SEQ 
ID NO: 4) and a peptide containing a sequence of 20 amino acids (2,307-2,326th amino acids of B-1 00) (SEQ ID NO: 
5) exhibit a cholesterol efflux effect, and have an anti-arteriosclerosis effect. 

Example 4 Effect test by use of an arteriosclerosis model 

35 

[0099] Cholesterol (Wako Pure Chemical Industries, Ltd.) and corn oil (Corn Germ Oil 1 00; Ajinomoto Co., Inc.) were 
incorporated into a commercially available feed (product of Natural Pet Foods, "Chicks and nestlings (Quail)") so as 
to attain final concentrations of 2% and 15%. respectively, to thereby prepare a high-cholesterol feed. 
[0100] Healthy quails were bred while being allowed to freely intake the high-cholesterol feed for eight weeks. From 

40 five weeks after the beginning of breeding, a solution of the test peptide (B-1 00FL) in saline (1 .0 mg/mL) was admin- 
istered to the brachial (wing) vein (200 uL; 200 jig/body) twice a week at the interval of two through three days. In a 
manner similar to that described above, only saline was administered to the quails of a control group. 
[0101] After the quails had been bred for eight weeks, the head of each quail was cut for exsanguination, and an 
aorta sample was obtained. The aorta sample was immediately fixed in a fixing solution (1 0% formalin) for three days. 

45 Subsequently, a tissue specimen (a frozen section having a thickness of 4 u.m) of the aortic arch (where arteriosclerosis 
foci are most likely to occur) was prepared. The tissue specimen was subjected to hematoxylin-and-eosin staining 
(routine staining), and to oil-red staining (fat staining), followed by examination under a microscope. 
[0102] In the tissue specimens of the control group, the following were observed: considerable thickening of the 
vessel internal tunica, accumulation of a large amount of lipid in the thickening portions of the internal tunica, infiltration 

50 of lipids into numerous portions (not only the internal tunica but the middle tunica), and tissues including lipids and 
smooth muscle cells existing among the elastic fibers. 

[0103] In the tissue specimen of the group to which a test peptide had been administered, a small amount of lipid 
accumulation was observed in the internal tunica. However, the accumulated lipid size and amount were small, and 
no morphological disorder of the vessel internal tunica was observed. In addition, thickening of the internal tunica and 
55 lipid infiltration into the middle tunica were found to be absent. 

[0104] Fig. 5 shows typical images of the tissue specimens. In Fig. 5, A (x 16) and B (x 40) represent images of 
the tissue specimens of the control group, and C (x 16) and D (x 40) represent images of the tissue specimens of 
the test group. 
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[0105] As is clear from the above description, the peptides of the present invention inhibit occurrence of arterioscle- 
rosis foci in an early stage by preventing infiltration of lipids into the vessel; and arrest development of such foci by 
efflux of infiltrated lipids from the vessel. 

5 Example 5 

[0106] In a manner similar to that described in Example 1 (3), reactivity of PS509 (synthesized in Example 2) with 
HDL was examined (as a test peptide, B-100FL or PS509 was employed, and the total cholesterol level of the applied 
HDL sample was 12.7 mg/dl). 

10 [0107] When HDL was treated with B-1 00FL, the total cholesterol level was reduced by about 72 percentage points, 
whereas when HDL was treated with PS509, the total cholesterol level was reduced by about 48 percentage points. 

Industrial Applicability 

15 [0108] The present invention provides a peptide having a novel amino acid sequence having a HDL-cholesterol- 
specific binding ability. Also, the present invention provides a peptide which causes efflux of cholesterol from peripheral 
tissue. These peptides are useful as a drug for a variety of diseases caused by, for example, arteriosclerosis, lipid 
metabolic errors, and peripheral tissue cholesterol build-up. 
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SEQUENCE LISTING 
<H0> Japan Immuno Research Laboratories Co., Ltd. 
<120> HDL-reacting Pepl ide 
<I30> OP0041 

<140> 
041> 

<150> JP P2O01-1443O4 

<151> 2001-05-15 

<160> 5 

<170> Patent In Ver. 2. 1 

<210> 1 
<2U> 51 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Designed 
peptide based on apoB-100 
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<400> I 

Leu Leu Asp Gin Leu Gly Thr Thr He Ser Phe Glu Arg He Asn Asp 
15 10 15 

Val Leu Glu His Val Lys His Phe Val He Asn Leu He Gly Asp Phe 
20 25 30 

Glu Val Ala Glu Lys lie Asn Ala Phe Arg Ala Lys Val His Glu Leu 
35 40 45 

lie Glu Arg 
50 

<210> 2 
<211> 30 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Designed 
peptide based on apoB-100 

<400> 2 

Leu Leu Asp Gin Leu Gly Thr Thr lie Ser Phe Glu Arg lie Asn Asp 
15 10 ]5 
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Val Leu Glu His Val Lys His Phe Yal lie Asn Leu lie Gly 
20 25 30 

<2lO> 3 
<2ll> 30 
<2l2> PRT 

<2l3> Artificial Sequence 
<2 20> 

<223> Description of Artificial Sequence: Designed 
peptide based on apoB-100 

<400> 3 

Phe Glu Arg lie Asn Asp Val Leu Glu His Val Lys His Phe Val lie 
] 5 10 15 

Asn Leu lie Gly Asp Phe Glu Val Ala Glu Lys He Asn Ala 
20 25 30 

<210> 4 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Designed 
peptide based on apoB-l 00 

<400> 4 

Val He Asn Leu lie Gly 
1 5 

<210> 5 
<211> 20 
<212> PRT 

<2J3> Art. i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Designed 
peptide based on apoB-100 

<400> 5 

Phe Glu Arg lie Asn Asp Val Leu Glu His Val Lys His Phe Val lie 
15 10 15 

Asn Leu He Gly 
20 

Claims 

1. A high density lipoprotein reactive peptide of the following (a) or (b): 

(a) a peptide having an amino acid sequence represented by SEQ ID NO: 1 ; or 
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(b) a peptide having an amino acid sequence represented by (a) with one or more amino acid residues having 
being modified through substitution, deletion, addition, or insertion, and having a specific binding ability to high 
density lipoprotein cholesterol. 

2. The high density lipoprotein reactive peptide according to claim 1 , which has an amino acid sequence represented 
by SEQ ID NO: 4. 

3. The high density lipoprotein reactive peptide according to claim 1 , which has an amino acid sequence represented 
by SEQ ID NO: 5. 

4. The high density lipoprotein reactive peptide according to claim 1 , which has an amino acid sequence represented 
by SEQ ID NO: 1,2, or 3. 

5. A foam cell reactive peptide of the following (a) or (b): 

(a) a peptide having an amino acid sequence represented by SEQ ID NO: 1 ; or 

(b) a peptide having an amino acid sequence represented by (a) with one or more amino acid residues having 
being modified through substitution, deletion, addition, or insertion, and inducing cholesterol efflux from foam 
cells. 

6. The foam cell reactive peptide according to claim 5, which has an amino acid sequence represented by SEQ ID 
NO: 4. 

7. The foam cell reactive peptide according to claim 5, which has an amino acid sequence represented by SEQ ID 
NO: 5. 

8. The foam cell reactive peptide according to claim 5, which has an amino acid sequence represented by SEQ ID 
NO: 1,2, or3. 

9. The foam cell reactive peptide according to claim 5. which has a binding ability specific to high density lipoprotein 
cholesterol. 

1 0. A drug containing, as an active ingredient, a high density lipoprotein reactive peptide as recited in any one of claims 
1 through 4. 

11. A drug containing, as an active ingredient, a foam cell reactive peptide as recited in any one of claims 5 through 9. 

12. The drug according to claim 10 or 11 , which is a remedy for preventing or treating arteriosclerosis, a remedy for 
ameliorating lipid metabolic errors, or a remedy for causing efflux of cholesterol from peripheral tissue. 

13. A drug composition containing a high density lipoprotein reactive peptide as recited in any one of claims 1 through 
4 and a pharmacologically acceptable carrier. 

14. A drug composition containing a foam cell reactive peptide as recited in any one of claims 5 through 9 and a 
pharmacologically acceptable carrier. 

15. The drug composition according to claim 13 or 14, which is a remedy for preventing or treating arteriosclerosis, a 
remedy for ameliorating lipid metabolic errors, or a remedy for causing efflux of cholesterol from peripheral tissue. 

1 6. Use, in production of a drug, of a high density lipoprotein reactive peptide as recited in any one of claims 1 through 4. 

17. Use, in production of a drug, of a foam cell reactive peptide as recited in any one of claims 5 through 9. and a 
pharmacologically acceptable carrier. 

18. The use according to claim 16 or 17, wherein the drug is a remedy for preventing or treating arteriosclerosis, a 
remedy for ameliorating lipid metabolic errors, or a remedy for causing efflux of cholesterol from peripheral tissue. 

19. A method for treating arteriosclerosis, lipid metabolic errors, or cholesterol build-up in peripheral tissues, charac- 
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terized by administering, to a subject in need thereof, an effective amount of a high density lipoprotein reactive 
peptide as recited in any one of claims 1 through 4. 

20. A method for treating arteriosclerosis, lipid metabolic errors, or cholesterol build-up in peripheral tissues, charac- 
terized by administering, to a subject in need thereof, an effective amount of a foam cell reactive peptide as recited 
in any one of claims 5 through 9. 
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